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(54) Aliminium die-casting alloy - v>i-^ i>*c * i 



(57) The invention relates to an aluminium-magne- 
sium alloy for casting operations consisting of, in weight 
percent. Mg 2.7-6.0. Mn 0.4-1.4, Zn 0.10-1.5. 2r 0.3 
max., V 0.3 max.. Sc 0.3 max., Ti 0.2 max., Fe 1 .0 max., 



Si 1 .4 max., balance aluminium and inevitable impuri- 
ties. The casting alloy Is particularly suitable for appli- 
cation In die-casting operations. Further the invention 
relates to the use of the casting alloy for die-casting au- 
tomotive components. 
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[0001] The invention relates to an alumlniunn-magnesium alfoy for casting operations and to the use of this aluminium- 
magnesium alloy in casting operations. In particular In die-casting operations. Further the Invention relates to the ap- 
plication of the AIMg casting alloy in automotive components. 

[0002] Conventional aluminium-magnesium casting alloys have many attractive properties, such as high ultimate 
tensile strength (>170 MPa) and elongation ( >8 %) with moderate yield strength (>120 MPa). However, there is a 
demand for aluminium cast alloys combining improved mechanical properties with a good con^osion resistance. 
[0003] Some disclosures of aluminium-magnesium casting alloys found in the prior art literature will be mentioned 
below. ^ 

[0004] ( WO-96/1 52 8l\discloses a casting alloy consisting of, in weight percent: 



Mg 


3.0 - 6.0 


Mn 


0.5 - 2.0 


Ti 


<0.2 


Fe 


<0.15 


SI 


1 .4 - 3.5 



balance aluminium and impurities. 

The alloy may be used in a die-casting operation, and appears to be particularly suitable for use in thixocasting and 
rh eocas tjng operations. 

[0005] | WO-96/25528kl iscloses a casting alloy consisting of. in weight percent: 



Mg 


2.5 - 4.5, preferably 2.7 - 3.0 


Mn 


< 0.6, preferably 0.2 - 0.6 


Fe 


< 0.6 


SI 


< 0.46 


Cu 


< 0.10 


Be 


< 0.003, preferably < 0.001 



balance aluminium and impurities. 

Optionally the alloy may further comprise 0.01 - 0.04 %Ti and/or 0.01 - 0.10 % Zn. 

The alloy can be employed in die-casting operations, the alloy is capable of having a yield strength greater than or 
equal to 110 MPa and-an elongation greater than or equal to 1 7%. 

[0006] [W0^96/30554fai scloses a casting alloy consisting of, in weight percent: ^ 



Mg 


2.0 - 5.0, preferably 2.5 - 4.0 


Mn 


0.2 - 1 .6. preferably 0.4 - 0.8 


Zr 


0.1 - 0.3 


Fe 


< 1.0 


Si 


< 0.3 



balance aluminium and impurities. 

The alloy may be used in die-casting operations. The casting alloy is particularly suitable for manufacturing safety 
components for cars. Typical strength levels disclosed in a T5-temper are YS of 116 MPa and UTS of 219 MPa and 
elongat ion of 19%. 

[0007] \ JP- A-09-003582|dis closes an aluminium casting alloy having, in weight percent: 



Mg 


3.0- 


6.5 


Zn 


1.0- 


2.0, such that Mg/Zn-ratio is 1 .5 - 5.5 


Mn 


0.05 


-1.0 


Cu 


0.05 


-0.8 


Fe 


0.10 


-0.8 



balance aluminium and inevitable impurities. 
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The cast products have in its matrix dispersed crystallised products In a spheroidlsing way. 

[00O8] It Is an object of this invention to provide an alunriinium-magnesium alloy that can be used in a variety of 
casting operations. 

[0009] it is another object of this invention to provide an aluminlum-nnagnesium alloy ideally suited for use in die- 
casting operations. 

[0010] It is also an object of this invention to provide improved cast products and components consisting of an im- 
proved aluminium-magnesium alloy cast members that ideally are suited for automotive applications. 
[001 1] It is also an object of this invention to provide an aluminium-magnesium alloy having in the as-cast condition 
the following minimum mechanical properties: yield strength of at least 1 20 MPa, a tensile strength of at least 1 80 MPa 
and an elongation of at least 7%. 

[0012] According to the invention there Is provided an aluminium-magnesium casting alloy, having the following 
composition in weight percent: 



Mg 


2.7 - 6.0 


Mn 


0.4-1.4 


2n 


0.10-1.5 


Zr 


0.3 max. 


V 


0.3 max. 


Sc 


0.3 max. 


n 


0.2 max. 


Fe 


1 .0 max. 


Si 


1 .4 max. 



balance aluminium and inevitable impurities. 

[0013] By the invention cast products or cast bodies can be provided having higher strength in combination with 
higher elongation. In addition these products have a good corrosion resistance and can be welded using known welding 
techniques for this type of casting alloys. Alloys of the present Invention have also been found with a good castability, 
in particular In die-casting operations, and no soldering occur when using the casting alloy. The aluminium casting 
alloy according to the invention is capable of achieving in the as-cast condition a yield strength of more than 1 40 MPa, 
in combination with a tensile strength of more than 200 MPa and an elongation at fracture of more than 7%. 
[001 4] The invention also consists in products made from the aluminium casting alloy set out above. Typical examples 
of such products are die-cast, in particular high pressure die-cast, products such as safety components, vehicle wheels, 
steering wheels, steering columns, airbag modules/cans, brake drunns and frame members for a vehicle. The alloy is 
particularly suited for any application having load and impact requirements where properties of high strength and high 
elongation are desirable. 

[001 5] The present aluminium-magnesium alloy is environmentally friendly and is readily recyclable because it does 
not contaminate the wrought alloy stream of recycled materials. The alloy is typically solidified Into ingot-derived stock 
by continuous casting or semi-continuous casting into a shape suitable for remelt for casting, which shape is typically 

an ingot billet. 

[0016] It should be mentioned here that from WO-97/38146 an aluminium wrought alloy is known for application as 
rolled sheet or plate or as an extrusion, and having a composition, in weight percent:- 



Mg 


5.0 - 6.0, preferably 5.0 - 5.6, and more preferably 5.2 - 6.6 


Mn 


>0.6 - 1 .2, preferably 0.7 - 0.9 


Zn 


0.4-1.5 


Zr 


0.05 - 0.25 


Cr 


0.3 max. 


Ti 


0.2 max. 


Fe 


0.5 max. 


Si 


0.5 max. 


Cu 


0.4 max. 


Ag 


0.4 max. 



balance Al and inevitable impurities. 

The aluminium wrought alloy disclosed in this international patent application is also subject of the Aluminium Asso- 
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elation registration number AA5069. 

[0017] And from WO-99-42627 an aluminium-magnesium alloy in the form of a rolled product or an extrusion is 
known, having the following composition, in weight percent:- 



5 


Mg 


> 3.0 - 4.5, preferably 3.5 - 4.5 




Mn 


0.4 - 1.2, 




2n 


0.4-1 .7. Dreferablv 0 4 - o 7*5 




2r 


0.05 - 0.25 


10 


Cr 


0.3 max. 




Ti 


0.2 max. 




V 


0.2 max. 




LI 


0.5 max. 




Sc 


0.5 max. 


15 


Fe 


0.5 max., such that preferably Fe/Mn ratio is 0.3-1 .0 




Si 


0.5 max. 




Cu 


0.15 max. 




Ag 


0.4 max. 



balance Al and inevitable Impurities. 

However, neither in WO.97/381 46, nor in WO-99/42627 it Is mentioned or suggested that the aluminium wrought alloy 
could be successfully used as an aluminium casting alloy, in particular as an aluminium die-casting alloy. 
[0018] It is believed that the improved properties available with the casting alloy of the Invention, particularly higher 
strength levels and high elongation in combination with good casting characteristics, result from the combined additions 
of Mg, Mn and Zn in the given ranges. The aluminium casting alloy is therefore Ideally suited for the Improved post 
casting processing, I.e. the elimination of conventional high temperature solution heat treating and optionally ageing 
at room temperature or elevated temperature, while providing even complexly shaped die-cast products with improved 
dimensional stability and mechanical properties. 

[0019] The reasons for the limitations of the alloying elements of the aluminium casting alloy according to the present 
invention are described below. All composition percentages are by weight. 

[0020] Mg is the primary strengthening element In the alloy. Depending on the field of application, the magnesium 
content is preferably In the range of 2.7 to 6.0 %. Mg levels below 2.7% do not provide the required strength and when 
the addition exceeds 6.0%. problems during casting occur. A more prefen-ed minimum Mg level is 3.0%. The preferred 
level of Mg is 4.5 to 6.0 %, more preferably 5.0 to 6.0 %, and most preferably 5.2 to 5.8 %, as a compromise between 
ease of casting, strength and con-osion resistance. 

In another embodiment the Mg-level is In the range of 2.7 to 4.5%, and preferably 3^0 to 4.5%. In this range and in 
combination with the other alloying elements, the aluminium casting alloy is capable of obtaining in the as-cast condition 
an UTS of at least 21 0 MPa, an YS of at least 120 MPa, and an elongation of at least 17 %, and in the best examples 

an elongation of 23% or more. 

[0021] Mn is an essential additive element. In combination with Mg and Zn, Mn provides the strength in the as-cast 
condition and the welded joints of the alloy. Mn levels below 0.4 % cannot provide sufficient strength and corrosion 
resistance to the alloy. Above 1 .4 % the castability becomes increasingly difficult. The prefen-ed level of Mn is 0.46 to 
1.2 %, and more preferably 0.45 to 0.8 %, which represents a balanced compromise between strength, corrosion 
resistance, and castability. 

[0022] Zn is also an essential alloying element. In combination with Mg, Zn provides the strength In the as-cast 
condition and the welded joints of the alloy. Furlhennore, the addition of Zn results in a good corrosion resistance of 
the aluminium cast alloy. Zn should be present in a range of 0.10 to 1.5%. At a level above 1.5% Zn the castability 
becomes increasingly difficult. A preferred range for Zn is 0.3 to 1 .4 %, more preferably 0.4 to 1 . 1 %. and most preferably 
0.45 to 0.9 %. which represents a compromise between strength, corrosion resistance and castability. Usually Zn is 
considered in the art as an impurity element in AIMg casting alloys, which should be kept at a level as low as possible 
preferably maximum of 0 .1 0 % and more preferably maximum of 0.05 %. However, in the alloy according to the invention 
Zn may be present as an alloying element resulting in beneficial effects. Although not yet fully understood, it is believed 
that the addition of Zn contributes to the good casting characteristics of the alloy, such as a low tendency to die-sticking 
when used in a die-casting operation. Good results are being achieved in those examples having a Mg/Zn-ratio of 6 0 
or more. 

[0023] Zr Is for achieving strength improvement In the cast product. Zr also improves the weldability of the cast 
product. Zr levels above 0.3 % tend not to have any further advantages. The preferred level of Zr is in the range of 



4 



iNSDOaO: <£P 



1138794A1 I > 




EP 1 138 794 A1 



0.05 to 0.25 %, and more preferably 0.06-0.16%. 

[0024] ^may be added for achieving further improvements in the mechanical properties of the cast product, in par- 
ticular mechanical properties at elevated temperatures, if added, the preferred level of V is in the range of 0.05 to 0.25 
%, and more preferably In the range of 0.1 to 0.2 %. The addition of V in the given range may in particular result in a 
further improved ductility of the alloy, in particular when heat treated following casting at a temperature In a range of 
200 to 400*C. 

[0025] Sc may be added to the alloy for Improving the weldability of a cast product. The Sc may be added alone or 
In combination with 2r In a range of 0.05 to 0.25 %. When Sc is added the resultant cast product should be heat treated 
preferably following the casting operation by holding the cast product at a temperature In a range of 250 to 400**C for 
a holding time up to 1 0 hours. The Sc level should not exceed 0.3 %, and is preferably In a range of 0.05 to 0.2 %. 
[0026] Further optional alloying element in the alloy according to the invention to Improve specific properties can be 
up to 0.6 % Cobalt alone or in combination with up to 0.6 % Cerium, and Strontium up to 0.04 %. 
[0027] Tl^is important as a grain refiner during solidification of both cast products and welded joint produced using 
the alloy of the invention. A preferred maximum for Ti addition is 0.2 %, and where a more preferred range is of 0.01 
to 0.14%. 

[0028] ^e i s a known element in aluminium casting alloys and may be present in a range up to 1 .0%. At higher levels 

Fe may form undesirable large compounds with Mn In the holding furnaces typically employed In casting operations. 
When higher fracture toughness and/or ductility is desired a suitable maximum for the Fe content Is 0.5 %, and more 
preferably 0.3 %, and most preferably 0.2 %. 

[0029] SiJs a known impurity element In aluminium casting alloys, and normally should not be present a too high 
levels to avoid the loss in primary strengthening element Mg. However, in the present aluminium casting alloy it can 
be present is a range of up to 1 .4 %. Although at higher Si-levels the elongation is somewhat reduced, still very ac- 
ceptable high levels of elongation In combination with high strength levels are obtained. In a preferred embodiment 
the Si level should not be more than 1 .0 %, and more preferably not more than 0.5 %, and most preferably not more 
than 0.3 %. A suitable minimum Si-level is 0.1 0 %, and more preferably 0.15%. 

[0030] Be may be added to AIMg casting alloys to prevent oxidation of the magnesium In the aluminium alloy, the 
amount added varying with the magnesium content of the alloy. As little as up to 0.005% causes a protective beryllium 
oxide film to form on the surface. Preferably, the Be level has a maximum of 0.005%, and more preferably Is absent 
without detonating the properties of the cast product with this aluminium alloy. 

[0031] The balance Is aluminium and inevitable Impurities. Typically each impurity Is present at 0.05 % maximum 
and the total of Impurities is 0.25 %. 

[0032] In an embodiment of the aluminium casting alloy according to the Invention the alloy is capable of achieving 
in the as-cast condition a yield strength of more than 160 MPa, and In the best examples of more than 175 MPa, in 
combination with a tensile strength of more than 250 MPa, preferably more than 280 MPa, and in combination with an 
elongation of more than 10%, and In the best examples even more than 12%. By optimising the casting parameters, 
further improved tensile properties, and in particular in elongation, can be obtained. Furthermore, improvements In the 
mechanical properties of the alloy according to the invention can be obtained heat-treating a cast product as is con- 
ventional In the art. This further improvement is achieved at the expense of the loss of the earlier advantage that 
following casting no further heat treatments are required to achieve a desirable level of mechanical properties. 
[0033] In another embodiment of the aluminium casting alloy according to the Invention the alloy is capable of achiev- 
ing In the as-cast condition a yield strength of more than 120 MPa, and in the best examples of more than 140 MPa, 
In combination with a tensile strength of more than 210 MPa, preferably more than 240 MPa, and in combination with 
an elongation of more than 1 7%, and in the best examples even more than 23%. By optimising the casting parameters, 
further improved tensile properties, and in particular in elongation, can be obtained. Furthermore, improvements in the 
mechanbal properties of the alloy according to the invention can be obtained heat-treating a cast product as Is con- 
ventional In the art. This further improvement is achieved at the expense of the loss of the earlier advantage that 
following casting no further heat treatments are required to achieve a desirable level of mechanical properties. 
[0034] The aluminium-magnesium casting alloy in accordance with the Invention may be processed by applying 
various casting techniques. The best advantages are being achieved when applied via pemianent mould casting, die- 
casting, or squeeze casting. In particular when die-casting processes are applied, including vacuum die-casting proc- 
esses, the best combination of desirable properties and castability characteristics is being obtained. It Is believed that 
by applying vacuum die-casting the weldability characteristics of the alloy according to the invention may be further 
improved. It is to be understood here that die-casting includes high-pressure die-casting operations. 
[0035] In another aspect of the Invention there is provided in a method of producing an cast aluminium product, 
preferably a die-cast product, comprising the aluminium alloy of the invention as set out above, and casting, preferably 
die-casting, a body of said aluminium alloy. Following the casting operation the (die-)caRt hnriy ran hp> g^ gg^ d at a tem- 
perature in the range of 140 to 250**C for a soakip g time at this temperature in the range of 0.5 to 24 hours. 
[0036] The invention will now be explained by reference to non-limitating examples. 
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Example 1 . 

[0037] On an industrial scale of casting two AIMg-alloys according to the invention, see Table 1 , have been die-cast 
on a Mueller-Weingarten cold-chamber-die-casting machine with a locking pressure of 2 MN. The casting parameters 
5 varied comprised the preheat temperature of the die (1 30**C and 21 0*C) and the backpressure (500 and 900 bar) . The 
die-cast product consisted of a plate having dimensions 100x150x2 mm. 

[0038] From this die-cast plate three tensile specimen have been machined and subsequently tested in the as-cast 
condition. The mechanical properties in the as-cast condition averaged over three specimen tested have been listed 
in Table 2, where YS stands for 0.2% yield strength and UTS for ultimate tensile strength. The elongation corresponds 
10 to the Gennan norni A5. The AIMg-alloy according to the invention showed during the die-casting operation no tendency 
to die-sticking. 

[0039] From the results in Table 2 it can be seen that the AIMg-alloy according to the invention results in very high 
tensile properties and high elongation in the as-cast condition. These surprisingly high properties are achieved without 
the need for further heat treatments. In particular the UTS and the elongation can be improved by increasing the 
^5 backpressure in the casting operation. Smaller improvements in mechanical properties can be obtained by increasing 
the die-temperature. Further improvements can be expected by optimising the casting conditions, in particular by ap- 
plying vacuum (high pressure) die-casting instead of conventional (high pressure) die-casting. From the results of alloy 
2 it can be seen that having a high Si-level may still result in a very acceptable elongation in combination with very 
high tensile strengths. 

20 

Table 1 . 



Alloy 


Alloying and impurity elements, in wt.% 


SI 


Fe 


Cu 


Mn 


Mg 


Zn 


Ti 


Zr 


1 


0.34 


0.23 


0.005 


0.54 


5.8 


0.51 


0.01 


0.11 


2 


1.20 


0.30 


0.005 


0.54 


5.7 


0.58 


0.01 


0.12 



Table 2. 



Alloy 


Die-casting parameter applied 


Mechanical property as-cast condition 






YS [MPa] 


UTS [MPa] 


Elongation [%] 


1 


1 30*C/500bar 


172 


276 


7.3 


1 


210*C/500 bar 


168 


278 


8.3 


1 


130*»C/900 bar 


171 


301 


13.0 


1 


210*»C/900 bar 


170 


305 


14.2 


2 


130*»C/500bar 


178 


293 


7.0 


2 


210*»C/600 bar 


181 


288 


7.0 


2 


ISO'^C/goO bar 


185 


312 


11.1 


2 


210*C/900 bar 


188 


313 


9.2 



Example 2. 

[0040] On an industrial scale of casting four AIMg-alloys according to the invention, see Table 3, have been cast on 
a GDK-750 Mueller-Weingarten Vacural-cold-chamber-die-casting machine with a locking pressure of 8500 kN. The 
casting parameters comprised a preheat temperature of the die of 250**C and a backpresssure of 500 bar. The vacuum 
die-cast products consisted of a plate having dimension 200x250x2 mm and 200x250x4 mm, hereinafter referred to 
as 2mm and 4mm plates respectively. 

[0041] From each alloy six 2mm or 4 mm plates have been cast. And from each die-cast plates a tensile specimen 
has been machined and subsequently tested in the as-cast condition. The mechanical properties In the as-cast con- 
dition averaged over six specimen tested have been listed in Table 4, where YS stands for 0.2% yield strength and 
UTS for ultimate tensile strength. The elongation con^esponds to the German nomn A6. The AIMg-alloy according to 
the invention showed during the die-casting operation no tendency to die-sticking. 
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[0042] From the results in Table 4 it can be seen that the AIMg-alloy according to the Invention results in very high 
tensile properties and high elongation in the as-cast condition. From the results of Table 4 it can be seen that AIMg- 
alloys 2 and 3 having a fairly low Mg-level in combination with the Zn and Mn-levels, combine good strength levels 
with very high elongation. Except for the minor difference in Mg-content, alloys 2 and 3 have essentially the same 

5 composition. The difference In mechanical properties are believed to be due to the difference in plate thickness cast, 
it has been found that in the experiments carried out the 2 mm plates has somewhat more casting defects than the 4 
mm plates. This difference can easily be overcome by further optimising the casting conditions. It is believed that alloys 
2 and 3, independent of the plate thickness, are capable of obtaining a yield strength of 120 MPa or more, a tensile 
strength of 21 0 MPa or more, and an elongation of 20% or more. In the best examples an elongation of 27% has been 

10 measured. 



Table 3. 
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Alloy 


Alloying and impurity elements, In wt.% 


St 


Fe 


Cu 


Mn 


Mg 


Zn 


Tl 


Zr 


1 


0.20 


0.27 


0.03 


0.47 


4.9 


0.47 


0.01 


0.12 


2 


0.18 


0.26 


0.04 


0.57 


3.5 


0.41 


0.01 


0.13 


3 


0.20 


0.28 


0.04 


0.51 


3.2 


0.42 


0.01 


0.13 


4 


0.26 


0.26 


0.04 


0.53 


5.0 


0.62 


0.01 


0.12 



25 



30 



Table 4. 



Alloy 


Plate thickness 


Mechanical properties in the as-cast condition 


YS [MPa] 


UTS [MPa] 


Elongation [%] 


1 


4 mm 


137 


259 


13 


2 


2 mm 


128 


247 


17 


3 


4 mm 


114 


247 


23 


4 


2 mm 


149 


279 


15 



35 



40 



45 



Example 3. 

[0043] The 2mm vacuum die-cast product of Example 2 having the composition of Alloy no. 3 of Table 3 has been 
subjected also to a welding operation, during whk:h in partk;ular the development of porosity has been assessed. 
Various welded joints have been made whereby the 2 mm die-cast plate was put on top of a 1 .6 mm gauge AA601 6A- 
wroughl sheet such that an overlap was created (Uberlappverbindung"). At the overlap a weld was made by means 
of automated TIG welding, in a single pass and using 1.2 mm filler wire of AISi12 (DIN 1732). Following welding the 
porosity in the welds has been detennined using standard metailographic assessment techniques. An important criteria 
of a large European car manufacturer is that the level of porosity, as assessed by the square area occupied by the 
poros, must be 8% or less In order to qualify the weld as acceptable. Furthemnore the pore size must be smaller then 
0.5 times the thinnest welded sheet used, and only the pores that are larger then 0.05 mm should be taken into account. 
In the welds using the die-cast alloy according to the Invention the average porosity level was always in the range of 
0.5 to 2.0%. No large pore sizes (> 0.8 mm) have been found. This qualifies the die-casting alloy as being very good 
weldable. 
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Claims 

1 . An aluminium-magnesium alloy fo/ casting operations consisting of, in weight percent:- 



Mg 


2.7-6.0 


Mn 


0.4-1.4 


Zn 


0.10-1.5 


Zr 


0.3 max. 
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(continued) 



V 

Sc 

Ti 

Fe 

Si 



0.3 max. 
0.3 max. 
0.2 max. 
1 .0 max. 
1 .4 max. 



impurities each 0.05 max. 

total 0.25 max. 
balance aluminium. 

2. An aluminium casting alloy according to claim 1, wherein the Mg content is in the range of 4.5 to 6.0 %, and 
preferably In the range of 5.0 to 6.0%. 

3. An aluminium casting alloy according to claim 1, wherein the Mg content is in the range of 2.7 to 4.6 %, and 
preferably in the range of 3.0 to 4.5%. 

4. An aluminium casting alloy according to any one of claims 1 to 3, wherein the Fe content is in the range of up to 
0.5 %. 



5. An aluminium casting alloy according to any one of claims 1 to 4, wherein the Mn content is In the range of 0 4 to 
1 .2 %. 

6. An aluminium casting alloy according to any one of claims 1 to 5, wherein the Zn .content is in the range of 0.3 to 
1 .4%, preferably in the range of 0.4 to 1 .1 %. 

7. An aluminium casting alloy according to any one of claims 1 to 6, wherein the Zr content is in the range of 0 05 to 
0.25 %. 

8. An aluminium casting alloy according to any one of claims 1 to 7, wherein the aluminium casting alloy Is a die- 
casting alloy. 

9. An aluminium alloy according to claim 8, where the die-cast aluminium alloy in the as-cast condition is character- 
ised by an UTS of at least 250 MPa, an YS of at least 160 MPa. and an elongation of at least 10 %. 

10. Aluminium alloy according to claim 8, where the die-cast aluminium alloy in the as-cast condition is characterised 
by an UTS of at least 210 MPa, an YS of at least 120 MPa, and an elongation of at least 1 7 %. 

11 • Die-cast product o f an aluminium casting alloy having a composition in accordance with any one of claims 1 to 1 0. 

12. U se of a di e-castina alloy according to any one of claims 8 to 1 0 for die-casting of safety components. 



13. Use of a die-casting alloy according to any one of claims 8 to 10 for die-casting of a frame member for a vehicle. 




8 



EP1 138 794 A1 




European Patent 
Offloe 



EUROPEAN SEARCH REPORT 



Appncailofr Numbsr 

EP 01 20 0977 



DOCUUEKT3 CONSIDEREO TO BE RELEVANT 



CatBQory 



Otatton of documMit wtth Indtcaton. wAwc* sfsproprlata. 
ctfmiivnt pa*«ag»$ 



R»levsnt 

to claim 



CLASBmCAmN OF THE 
APPUCATIOH (lnLU.7) 



A 

D,X 



PATENT ABSTRACTS OF JAPAN 

vol. 1997, no. 05, 

30 May 1997 (1997-05-30) 

-& JP 09 003582 A (SUttlTONO LIGHT METAL 

IND LTD), 7 January 1997 (1997-01-07) 

* abstract; example 15; table 2 * 



PATENT ABSTRACTS OF JAPAN 

vol . 1997, no. 06, 

3D June 1997 (1997-06-30) 

-& JP 09 041064 A (MITSUBISHI ALUM CO 

LTD), 10 Febnjary 1997 (1997-02-10) 

* abstract; exaii9>les 3,12; tables 1,2 * 



WO 00 26020 A (HASZLER ALFRED JOHANN PETER 
;H00GOVENS ALU MALZPROD GMBH (DE); MEC) 
11 May 2000 (2000-05-11) 
^ page 12; example 1 * 
^ claims 5,11 * 



EP 0 799 900 A (HOOGOVENS ALU WALZPROD 
GMBH) 8 October 1997 (1997-10-08) 

the Mhole docuisent ^ 
* claim 2 * 



UO 97 38145 A (HOOGOVENS ALU UALZPRW GMBH 
; HASZLER ALFRED JOHAW PETER (DE); SAM) 
16 October 1997 (1997-10-16) 
« the whole docu^nent * 

* examples B7,B11,B13; table 1 ♦ 

* table 3 ♦ 



-/-- 



Tho presont search report has boar^ drawn up for afi ctalms 



1-6,8-11 



C22C21/06 
C22C21/08 



12,13 
1,3-6 



9,10,12, 
13 

1,2,4-7 



SEAHCHSD (h«ja.7) 



1.2,4-7 



C22C 



8-13 
1,2,4-7 



8-13 



NUNICH 



□ite Of aoffiiMkM or 

27 April 2001 



L111mpak1$, E 



a, 

Of 

a 

n 
O 

§ 

a: 

e 

2 



CATEGORY OT CnHO OOCUMEKTTS 

X ' parUcularfy retavantH taken ainne 

Y : partlculaiy relovant \i oombinea anolhef 

docLOTtent of the same oa t ogoiy 
A : tachnotogleaJ bacicgrouid 

O : non- -wnltten (toclosune 
P : intorTnedMse docurrtent 



T : theory or pHnc'isle underlying the Invenflon 
E : eaifisr psient document, but Dubn«hed on, o» 

after ttiefinna d^ta 
O : dooumarrl dtad in Iher appHcaiion 
L : docisncnt cHed lor orther roasons 



A : member of the same patent tamily. oonemndnng 
document 



9 



113a794Al_L> 



EP 1 138 794 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppMcsdort Number 

EP 01 20 0977 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Otatton of docummt nvtti indk:atk>n. «4ior« approprtat*, 
of mlavant patsao»s 



Ralevant 
todaim 



CtABSinCATIOM OF THE 
APPLICATION dntCt.T) 



WO 99 ^2627 A (HAS2LER ALFRED JOHANN PETER 
;HOOGOVEHS ALU WALZPROO 6NBH (DE); SAM) 
26 August 1999 (1999-08-26) 
* examples 4,5,7; table 1 * 



UO 99 17903 A (HASZLER ALFRED JOHANN PETER 
;HOOGOVENS ALU WALZPROD GmH (DE); SAN) 
15 April 1999 (1999-04-15) 

* claim 1; example 1; table 1 * 

FR 2 731 019 A (PECHINEY RHENALU) 
30 August 1996 (1996-08-30) 

* page 5; examples 8,9 'i' 

PATEWT ABSTRACTS OF JAPAN 
vol. 013, no. 260 (C-607), 
15 June 1989 (1989-06-15) 

JP 01 062435 A (FURUKAMA ALUM CO LTD), 
8 March 1989 (1989-03-08) 

* abstract; example 3; table 1 * 



1,3-7 



8-13 
1,2,4-7 



1,2.4 



1-6 



The present seerch report has been drawn up for all datms 



nUNlCH 



oofnpMiofl of ttw March 



27 April 2001 



TECHNICAL RELDS 

(kiljCI.7) 



LlUmpakis, E 



CATCGORY OF CfTED DCXXiMEKOS 

X ' pRftKuia'ly retevanl IttaKer. aicuifi 

Y pa/AcuSa'ly rafevant B oon'Uned with anolhc? 

documertof the Mmacategoiy 
A bKtinoiogical bedcground 
O non-wrioen dbctasure 
P * tmemwdatB docuinerrt 



T : ttreofy or pitndple underiytng thft Invenfion 
E : uritor pas«nt document but pi^n&hed on. or 

Bt'tW the fiflriQ dsto 
D : documant dtad ir tha appTcaiion 
L rdo cu iDc nt citBd for other i 



& : marrtef of the same petam bmily; oorrespondlnB 
document 



10 



1138794A1J_> 



EP1138 794A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPUCATfON NO. EP 01 20 0977 



This annex lists the patent family members relatng to the pateni documents cited In Itie alxive-mentkined European search report. 
The members a/e as cznt^nad In the European Patent Office EDP Ue an 

The European Patent CDffioe Is bn rv) way lable for these particulars which are merely given tor the purpose of IntormatJcn. 

27-04-2001 



Patent document 




Publicalion 




Patent family 


PuUicaUDn 


cited In search report 




dale 




fnember(s) 


date 


JP Q9003582 


A 


07-01-1Q97 


NONE 






JP 09D41064 


A 


10-02-1997 


NONE 






UO 0026020 


A 

n 


11-05-2000 


AU 


1268100 A 




EP 0799900 


A 


08-10-1997 


AT 


1Q7217 T 


J. 3 11 C.\J\j\I 








AU 


22933Q7 A 


PQ-10-1 QQ7 








BR 


9708513 A 


U*# Ul C\J\J\I 








CA 


2250977 A 


1 6-1 0—1 QQ7 








CN 


1217030 A a 


1 0*0f«-1 QQQ 
xy^U3 








DE 


69703441 D 


07-12-2000 








DE 


69703441 T 


19-04-2001 








UO 


9738146 A 


1 6-10-1 QQ7 








EP 


0892858 A 


77-01— IQQO 

C./ wX x777 








ES 


2153189 T 


16-02-2001 








OP 


11507102 T 


22-06-1999 








NO 


984634 A 




UO 9738146 


A 


16-10-1997 


EP 


0799900 A 


08-10-1 QQ7 

XW X77/ 








AT 


197317 T 


1 ^i- 11— 9000 








AU 


2293397 A 


29-10-1 QQ7 








BR 


9708513 A 


04-01-2000 








CA 


2250977 A 


16-10-1997 








CN 


1217030 A B 


19-05-1999 

X7 X 777 








DE 


69703441 D 


07-12-2000 








DE 


69703441 T 


19-04-2001 








EP 


0892858 A 


27-01-1999 








ES 


2153189 T 


16-02-2001 








JP 


11507102 T 


22-06-1999 








NO 


984634 A 


02-10-1998 


wo 9942627 


A 


26-08-1999 


AU 


2725799 A 


06-09-1999 








EP 


1078109 A 


28-02-2001 








NO 


20004154 A 


18-08-2000 


UO 9917903 


A 


15-04-1999 


AU 


1148999 A 


27-04-1999 








BR 


9812608 A 


01-08-2000 








CN 


1272810 T 


08-11-2000 








EP 


1019217 A 


19-07-2000 








NO 


20001686 A 


31-03-2000 








ZA 


9809015 A 


13-04-1999 


FR 2731019 


A 


30-08-1996 


FR 


2731018 A 


30-08-1996 








AU 


690433 B 


23-04-1998 








AU 


4930596 A 


11-09-1996 



For more details about Ihls annex :seQ Official Journal ol the Biropean Patent Office. Mo. 12/82 



1 138794A1J_> 



EP1 138 794 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 20 0977 



This annax lists th» palant family members relating to the patent docunients cttsd In Ite ateve-mantloned Europaan search reDort 
The nrsmtersaiea^ contalnad In th» European PatantOfflcfl H^P fla on 

Ihm EjTOpMn Patwit Offlce la In no way labts for thes» paitculars vMhlch m marely g^ren tor th© purpose of Infomiatton. 

27-04-2001 



r 



Patent document 
cttod In search report 



Pu|}ttcatlcn 





Patent iemfly 


Pubtlcailon 




niembar(s) 


date 


AU 


7308598 A 


27-08-1998 


CA 


2211433 A 


29-08-1996 


CN 


1175983 A 


11-03-1998 


DE 


804626 T 


29-01-1998 


EP 


0804626 A 


05-11-1997 


EP 


0909828 A 


21-04-1999 


F[ 


963290 A 


25-08-1996 


WO 


9626299 A 


29-08-1996 


JP 


11500783 T 


19-01-1999 


NO 


973681 A 


11-08-1997 


NZ 


302706 A 


29-04-1999 


PL 


321887 A 


22-12-1997 


TR 


9700843 T 


21-02-1998 


NONE 



FR 2731019 



JP 01062435 



08-03-1989 



i 

or 

8 

o " ■ 

Si For more det^b about tits annex isee Offldal Journal of the European Patent Office. No. 12/B2 



12 



.1138794A1J_> 



